Purpose of the Study: We sought to investigate the agreement between medical and practical fitness-to-drive recommendations in active drivers with dementia. Design and Methods: In this retrospective study, 68 patients underwent medical, visual, and road tests at an official center of the Belgian Road Safety Institute. Physicians provided medical fitness-to-drive recommendations using 1 of 3 categories (favorable, reserved, or unfavorable). On-road assessors used the same 3 categories to make practical fitness-to-drive recommendations. Agreement between the medical and practical fitness-to-drive recommendations was calculated using the percentage of agreement (p 0 ) and weighted kappa (k w ). Results: Low agreement was found between physicians and on-road assessors regarding their fitness-to-drive recommendations (p 0 = 43%, k w = 0.11, p = .20). Compared with the on-road assessors, the physicians overestimated the fitness to drive of 24 (35%) patients and underestimated the fitness to drive of 15 (22%) patients. Patients who incurred more traffic violations were more likely to be overestimated than underestimated by the physician (p = .03). Implications: This study showed disagreements between the fitness-to-drive recommendations made by the physicians and the on-road assessors in more than half of drivers with dementia. Efforts need to be made to improve the communication between physicians and on-road assessors for joint decision making of fitness to drive in dementia.
The number of people living with dementia worldwide in 2013 was estimated at 44 million and was projected to increase to 135 million by 2050 (Prince, Guerchet, & Prina, 2013) . As the disease progresses, patients with dementia become increasingly dependent on their families and health professionals in making important life decisions including assisted living settings, institutionalization, or driving cessation (Carr, Shead, & Storandt, 2005; Rich, Williams, & Zimmerman, 2010) . The decision to cease driving may be one of the most important decisions that patients, families, and caregivers need to make in the early stages of the disease. They often rely on input from physicians to make the final decision on their fitness to drive (Bixby, Davis, & Ott, 2015) .
However, physicians often struggle to accurately advise patients on their fitness to drive. In some countries, driving assessment centers have therefore been put in place to assist physicians in their recommendation of fitness to drive (Devos et al., 2012) . In Belgium, the physician provides a medical recommendation that is sent to the fitness-to-drive assessment center. The driving assessment expert makes a practical fitness-to-drive recommendation based on an official on-road test which is considered the most objective and real-life assessment for monitoring fitness to drive to date (Akinwuntan et al., 2002) .
The agreement between physicians and on-road assessors regarding patients' fitness-to-drive recommendations is often inconsistent, especially in individuals with neurological conditions (Nouri & Lincoln, 1993; Ranchet, Tant, Akinwuntan, Neal, & Devos, 2016b) . To date, only one observational study investigated the agreement between physicians and on-road assessors in individuals with dementia of Alzheimer type (Ott et al., 2005) . They found a moderate agreement (between 62% and 78% agreement) between physicians and on-road assessors (Ott et al., 2005) . As the previous study included only drivers with probable or possible dementia of Alzheimer type with stringent eligibility criteria, their results may not be generalizable to all individuals with dementia referred for an on-road test.
The aim of this study was to investigate the agreements between physicians' medical fitness-to-drive recommendations and on-road assessors' practical fitness-to-drive recommendations in individuals with various types of dementia.
Design and Methods

Participants
All individuals diagnosed with dementia of Alzheimer type or dementia of mixed etiology (Alzheimer's disease [AD] and vascular dementia) who were referred to the Center for Evaluation of Fitness to drive and Car Adaptation (CARA) of the Belgian Road Safety Institute for an official on-road test from October 2012 to December 2013 were included. A detailed description of the methods used in this study can be found in our previous work (Ranchet, Akinwuntan, Tant, Neal, & Devos, 2015; Ranchet et al., 2016b) . A brief description of the methods is below.
Procedure
The institutional review board of Augusta University approved the study protocol. Because it was a retrospective study, a waiver of the requirement for individual consent was granted.
Medical Fitness-to-drive Recommendation
Based on the patients' medical and driving history, physicians made a medical fitness-to-drive recommendation into (a) favorable, (b) reserved, or (c) unfavorable. The favorable category included patients who were deemed fit to drive with no restricted use in low visibility conditions, distance, or speed. The reserved category comprised patients who were allowed to continue driving with one or more restrictions. The unfavorable category involved patients who were unfit to drive.
Practical Fitness-to-drive Recommendations
After the road test, the on-road assessors provided a practical fitness-to-drive recommendation using the same three categories used by physicians. The on-road assessors were blind to the physicians' recommendations. The practical fitness-to-drive recommendation was used as a main outcome (Akinwuntan et al., 2002) .
Statistical Analyses
Agreement between medical and practical three-class fitness-to-drive recommendations was calculated using the percentage agreement (p 0 ) and the weighted kappa (k w ). Values of weighted kappa from 0.41 to 0.60 are considered moderate, 0.61 to 0.80 as substantial, and 0.81-1 almost perfect agreement (Landis & Koch, 1977) . The percentage agreement was also calculated using a dichotomous categorization (favorable/reserved + unfavorable) similar to the dichotomy used in a previous study (safe/marginal + unsafe) (Ott et al., 2005) . Differences between groups were examined using Chi-square (χ 2 ), Fisher's exact tests, or Wilcoxon (W) rank sum tests, as appropriate.
Results
Among 68 patients with dementia (Table 1) , 87% were diagnosed with probable or definite AD, 3% with dementia of mixed etiology (probable AD and vascular dementia), and 10% with undetermined type of dementia. According to the on-road assessors, 26% patients were considered unfit to drive, 42% fit to drive with restrictions, and 32% fit to drive without restrictions.
Agreement Between Medical and Practical Fitness-to-drive Recommendations
There was low reliability (k w = 0.11, 95% confidence interval [CI]: −0.07 to 0.29; p = .20) between medical and practical fitness-to-drive recommendations ( Table 2 ). The physicians and on-road assessors agreed on 29 out of 68 patients (p 0 = 43%). Compared with the on-road assessors, the physicians overestimated the fitness to drive of 24 (35%) patients and underestimated the fitness to drive of 15 (22%) patients. Patients with a high number of traffic violations were more likely to be overestimated than underestimated by the physician (W = 190, p = .03). When the three classes of recommendations were dichotomized (favorable vs. reserved + unfavorable), the percentage agreement increased from 43% to 56% (29+9/68) (k w = 0.38, 95% CI: −0.20 to 0.28; p = .75).
Out of 57 physicians who reported their specialty, 30 (53%) were family physicians and 27 (47%) were specialists. Among 27 specialists, 15 were neurologists, 10 geriatricians, and 2 specialists in internal medicine. There was 43% agreement between family physicians and on-road assessors and 37% agreement between specialists and on-road assessors. No significant differences were found in medical (Fisher = 0.14, p = 1.00) and practical (χ 2 = 0.22, p = .89) fitness-to-drive recommendations between family physicians and specialists. No significant differences in medical (χ 2 = 5.07; p = .08) and practical (Fisher = 4.68; p = .10) fitness-to-drive recommendations were found between first-time CARA visitors and returning visitors.
Discussion
There was a low agreement (43%) between physicians and on-road assessors regarding the three-class fitness-to-drive recommendations in individuals with dementia. The percentage agreement was lower when compared with our previous studies in individuals with multiple sclerosis (88%), Parkinson's disease (64%), and stroke (73%) (Ranchet et al., 2015; Ranchet et al., 2016a Ranchet et al., , 2016b . When using dichotomous recommendations similar to the classification used by Ott and colleagues (2005) , the percentage agreement in our study was 56% which is still lower than the percentage agreements that ranged from 62% to 78% in individuals with AD. Reasons for these discrepancies may be attributed to the older age of our cohort and the higher number of individuals who were judged unfavorable after the road test. This is the first study using three categories of fitness to drive (unfavorable, reserved, favorable) to determine the agreements between two critical recommendations in the decision making process of fitness to drive. The use of three categories gives a more accurate estimate of the proportion of individuals misclassified by the physicians. Consistent with previous findings, physicians had difficulties to screen out patients who may pose an actual risk on the road (Ranchet et al., 2016b) . Interestingly, patients who incurred more traffic violations were more likely to be overestimated by the physicians. In other words, patients who were categorized as favorable by the physicians were more likely to have a high number of traffic violations. This result suggests that in most cases, physicians did not consider the number of traffic violations when making their fitness-to-drive recommendations. Physicians should consider this information when determining fitness to drive (Ott et al., 2005) . We did not find any significant differences between fitnessto-drive recommendations made by the general practitioners or specialists, which is not in accordance with previous results (Ott et al., 2005) . In the present research, we cannot rule out that the specialist communicated beforehand with the family physician regarding the patient's fitness to drive.
In a more general context, the substantial disagreements between physicians and on-road assessors were consistent with disagreements found between staff caregivers, families, and physicians regarding end-of-life options in individuals with AD (Rich et al., 2010) . This finding emphasizes the complexity of making an important decision regarding the patient's life options. Previous studies found that caregivers' (e.g., spouse) ratings were also poor indicators of driving performance (Bixby et al., 2015) . Physicians' ratings were not or modestly correlated with the on-road outcome (Bixby et al., 2015; Fox, Bowden, Bashford, & Smith, 1997) . A joint decision between the physicians and driving experts should be made regarding fitness to drive in individuals with dementia. A standardized road test in combination with visual and neuropsychological tests (Lincoln, Radford, Lee, & Reay, 2006; Vella & Lincoln, 2014 ) might assist clinicians and on-road assessors in making more Notes: a Percentage of patients for which their fitness to drive was overestimated by the physicians compared with on-road assessors. Percentage of patients for which their fitness to drive was underestimated by the physicians compared with on-road assessors. accurate recommendations of patients' fitness to drive (Piersma et al., 2016b) . This research has several limitations including a number of missing variables. We did not include specific measures of severity of dementia (e.g., Clinical Dementia Rating) (Dubinsky, Stein, & Lyons, 2000) . Another limitation is the lack of patients with frontotemporal dementia or Lewy body dementia. It is possible that some individuals with dementia received a final decision from the physician without a referral to the driving assessment center. As a result, individuals who were classified as unfit to drive by the on-road assessors may therefore be an underrepresentation of the actual Belgian population of drivers with dementia. Further studies should investigate the effects of various etiologies of dementias on fitness to drive (Piersma, de Waard, Davidse, Tucha, & Brouwer, 2016a) . Finally, we had no information regarding physician's expertise with dementia, their knowledge of policies, and their relationship with the patient (Gergerich, 2016) . Further research should investigate the benefits of sensitization campaigns and educational approaches in the practice of physicians on the identification of at-risk drivers with dementia (Meuser, Carr, Berg-Weger, Niewoehner, & Morris, 2006) .
Implications
On-road assessors frequently disagreed with referring physicians in their recommendation of fitness to drive in individuals with dementia. Further studies are needed to understand how the communication between physicians and on-road assessors can improve the decision making regarding patients' fitness to drive. A joint decision should be made regarding patient's fitness to drive involving physicians and on-road assessors.
Regular standardized on-road tests should be required for all individuals with mild dementia to assist the physician and the family in the decision making process regarding fitness to drive. The on-road assessment allows driving experts to monitor the disease progression but also to determine more precisely when driving is no longer safe.
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